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isms which cause the spoilage of beer ate dis- 
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probes in assays to detect the presence of these 
microorganisms. Kits containing two or mote 
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20 



This invention relates to nudeic adds, probes, kits, and methods for the detection 
of organisms, induding Pediococcus sp. and LactobacUtus sp. vi*ich are involved with 
the spoilage of beer in the brewing environment 

Badcground of the Invention 



The prevention of beer-spoilage by contaminating microorganisms is a 
major concern of commercial breweries. The predominant organisms which have been 
shown to spoil beer, or which have been associated widi bcer-spoUage are members of 
15 the genera Lactobacillus and Pediococcus (see The Pmfaifvn tes. Vol n 2nd Edition, 

Balows. et al, Eds.. 1991). These bacteria may be present in veiy low numbers and their 
detection may require three to five days or more by traditianal culture methods. 

Members of the genus Pediococcus are Gram-positive coed which frequently form 
tetrads. Tbey have coiiq>lex nutritional requirements and ate capable of fermenting a 
variety of sugars. They are fiacultative anaerobes found hi a variety of habitats, most 
frequently associated with fetmenting vegetation. There are eight spedes in this genus; 
P. damnosus is the primary member of the genus known to cause beer spoilage. 

The genus Laetobadllus contains Grant|)osithre non^rulating rods, utilizing 
strictly fennentathre metabcriism and having complex nutritional requirements. They are 
25 found in a variety of habitats, indudhig water, dairy, meat and fish products, vegetation 
and fetmenting vegetation, and in the mouth and intestinal tract of mammals. 

Several studies have identified bacterial strains capable of filing beer, and the 
relative numbers of strains within die spedes so impBcated were, in decreasing order of 
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importance: Lactobacillus brevis^ P. damnosus, JL caseU lindneri, L. corynijormis^ L. 
buchnerij L. plantaruniy and L. curvatus. 

The current methods of detection of beer-spoilage organisms rely on classical 
microbiology and a general determination of the presence or absence of contamination 
5 by bacteria. These methods include: (a) culture, (b) direct fluorescence antibody (DFA), 
and (c) nucleic acid probes for culture confirmation. Actual identification of spoilage 
organisms requires classical biochemical tests and fulfillment of Koch's postulates, i.e. 
"reinfecting** fresh beer and showing it to become spoiled. 

10 Description of the Invention 

One aspect of this invention is to provide nucleic acids complementary to unique 
nucleic acid sequences within the ribosomal RNA (rRNA) and DNA (rDNA) of 
organisms which cause beer spoilage, but are not present in unspoiled beer. It is another 
aspect of this invention to provide nucleic acid probes which can hybridize to target 

15 regions which can be rendered accessible to probes imder normal assay conditions. It is 
a further aspect of the invention to provide for probes which either (1) specifically 
discriminate between P. damnosus and non-Pediococcus species; (2) specifically 
discriminate between the majority of Pediococcus strains causing beer<*spoilage and other 
species; (3) specifically discriminate between L. brevis and non-Lactobacillus species; (4) 

20 specifically discriminate between a cluster of Lactobacillus species (the cluster being a 
group of bacteria consisting of L. fructivorans, L. casein JL cwvatus, L. brevis, and L. 
buchneri) and non-cluster species; (5) specifically discriminate between the group of P, 
damnosus and L. brevis and other species; (6) spedficaUy discriminate between the 
majority of Pediococcus and Lactobacillus species causing beer spoilage and other 

25 species; or (7) specifically discriminate between the majority of Pediococcus and 
Lactobacillus (and related species) and other species. 

Bacterial ribosomes contain three distina RNA molecules which, at least in 
Escherichia coli are referred to as 5S, 16S, and 23S rRNAs. In eukaiyotic organisms, 
there are four distinct rRNA species, generally referred to as 5S, 18S, 28S and 5.8S. 
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These names are historically related to the size of the RNA molecules, as determined by 
their sedimentation rate. In actuality, however, rRNA molecules vary substantially in 
size between organisms. This notwithstanding, SS, 16S and 23S rRNA are art-recognized 
names referring to rRNA molecules in any bacteria and this convention will be used 
5 herein. 

Description of the Figures 
Figure 1 is a diagram of a sandwich assay. 

Definitions 

As used throughout the application and claims, the term "probe** will refer to 

10 synthetic or biologically produced nucleic adds, of 10 to 250 bases in length, which by 
design or selection, contain specific nucleotide sequences that allow specific and 
preferential hybridization under predetermined conditions to target nucleic acid sequen- 
ces, and optionally contain a moiety for detection or enhancing assay performance. A 
minimum of ten nucleotides is generally necessary in order to statistically obtain 

15 specificity and form stable hybridization products, and a maximum of 250 nucleotides 
generally represents an upper limit of nucleotides in which reaction parameters can be 
adjusted to determine mismatched sequences and preferential hybridization. Therefore, 
in general, a preferred length of a probe wiU be between 10 and 250 nucleotides. Probes 
may also optionally contain certain constituents that pertain to their proper or optimal 

20 functioning under certain assay conditions. For example, probes may be modified to 
improve their resistance to nuclease degradation (such as by end-capping), to carry 
detection ligands (such as fluorescein, '^P, biotin, etc.) or to facilitate their capture onto 
a solid support (e.g. poty-deo;^denosine "tails"). 

Treferential hybridization" or "hybridizing preferentially" is to be used in a 

25 relative sense; i.e. one l^bridization reaction product is more stable than another one 

under identical conditions. Under some conditions, a hybridization reaction product may 
be formed with respect to one target, but not another potential binding partner. It is 
well within the skill of the ordinary artisan to compare stability of hybridization reaction 
products and evaluate which one is more stable, i.e. determine which one has bound 

30 "preferentially". 
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As used herein, the terms "homology" and "homologous to" are meant to refer to 
the degree of similarity between two or more nucleic add sequences, and is not meant to 
imply any taxonomic relatedness between organisms. The degree of similarity is 
expressed as a percentage, i.e. 90% homology between two sequences will mean that 
5 90% of the bases of the first sequence are identically matched to the bases of the second 
sequence. 

A "cluster of Lactobacillus species" means a group of LactobacttJm species 
selected from the group consisting of L. fructiuomns, L. casei, L. curvatus, L. brei^is, and 
L. buchneri. 

10 "Specific" means that a nucleotide sequence will hybridize to a defined target 

sequence and will substantially not hybridize to a non-target sequence, or that hybridiza- 
tion to a non-target sequence will be minimal. 

"Hybridization" is a process by which, under predetermined reaction conditions, 
two partially or completely complementary strands of nucleic add are allowed to come 

15 together in an antiparallel fashion to form a double stranded nucleic acid with specific 

and stable hydrogen bonds, following explidt rules pertainixig to which nucleic add bases 
may pair with one another. 

"Substantial hybridization" means that the amount of hybridization will be to an 
extent that one observing the results would consider the result positive in a clinical 

20 setting. Data which is considered "background noise" is not substantial hybridization. 

"Stringent hybridization conditions" mean approximately 35 ''C to 65*^0 in a salt 
solution of approximately 0.9 molar NaCl. Stringency may also be governed by such 
reaction parameters as the concentration and type of ionic spedes present in the 
hybridization solution, the types and concentrations of denaturing agents present, and the 

25 temperature of hybridization. Generally as hybridization conditions become more 

stringent, longer probes are preferred if stable hybrids are to be formed. As a rule, the 
stringency of the conditions imder which a hybridization is to take place will dictate 
certain characteristics of the preferred probes to be emjrfoyed. Such relationships are 
well understood and can be readily manipulated by those skilled in the art 
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"LactobacUlus sp." refers to any member of the genus Lactobacillus, regardless of 
the species. 

"Pediococcus sp." refers to any member of the genus Pediococcus, regardless of the 
species. 

5 "Majority or when referring to strains means more than half of the strains known 

or, more than half of the strains tested, when one tests a representative sampling of at 
least 25 strains. When referring to species, it means more than one half of the known 
species, or more than one half of the species tested, when one tests a representative 
number of species.. 

10 In accordance with this invention, there are provided nucleic acids having 

approximately 10 to 250 nucleotides which (1) hybridize preferentially to rRNA or rDNA 
of P. damnosus as compared to other non-Pediococcus species; (2) hybridize preferen- 
' tially with the majority of Pediococcus strains causing beer-spoilage compared to other 
species; (3) hybridize preferentially with L. brevis compared to non-Lactobacillus species; 

15 (4) hybridize preferentially with a cluster of LaaobacUlus species (selected from the 

group consisting of: L. fiuctivorans, L, casei, jL curvatus, L. brevis, and L. buchneri) com- 
pared to other species; (5) hybridize preferentially with the group of P. damnosus and L. 
brevis compared to other species; (6) hybridize preferentially with the majority of PetUo- 
coccus and Lactobacillus species causing beer spoilage as compared to other species; and 

20 (7) specifically discriminate between the majority ot Pediococcus and Lactobacillus (and 
related species) and other species. Under those same t^bridization conditions, the 
nucleic acids of this invention do not substantially hybridize to the rRNA or rDNA of 
non-target organisms, or the host or environmental matrix which may be present in test 
samples. 

25 The nucleic acids of this invention are useful for detecting the presence of an 

organism which would cause spoilage in beer. Probes which are either complementary to 
or at least 90% homologous to at least ten consecutive nucleic acids of the aforemen- 
tioned nucleotides also form another aspect of this invention. 
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One embodiment of this invention are nucleic acids and probes which are 
homologous to or hybridize to regions of 16S rRNA or rDNA of beer-spoiling micro- 
organisms. The regions of 16S rRNA of particular interest are in reference to the 
numbering of the homologous regions in £. coli, a standard well known to those of 
S ordinary skill in the art, include: 

F. damnosus: 16S rRNA positions 285 to 320, 450 to 485, and 1435 to 1470; 

JL bm^is: 16S rRNA positions 75 to 105, and 450 to 485; 

P. damnosus or L. brevis: 16S rRNA position 805 to 840; 

Pediococcus and LactobadUus: 16S rRNA positions 120 to 150, 210 to 245, 280 to 
10 315, 485 to 515, and 750 to 785. 

Another embodiment of this invention is nucleic adds and probes which hybridize 
to regions of 23S rRNA or rDNA of beer-spoiling microorganisms. The regions of 23S 
rRNA of particular interest are in reference to the numbering of the homologous regions 
in E. colif a standard well known to those of ordinary skill in the art, include: 
15 P. damnosus 23S rRNA positions 700 to 740, 870 to 910» 925 to 960, 1130 to 1165, 

and 1205 to 1245. 

L. brevis 23S rRNA positions 280 to 320, 325 to 363, 1130 to 1165, 1265 to 1300 
and 1480 to 1512. 

P. damnosus and L. brevis 23S rRNA positions 600 to 635. 
20 Preferably the nucleic add composition is complementary to or homologous with 

at least 90% of a sequence comprising any ten consecutive nucleotides within sequences 
selected from the group of sequences defined by the group of probes consisting of: 2858, 
2861, 2867, 2876, 2877, 2868, 2869, 2880, 2891, 2892, 2895, 2899, 2904, 2896, 2873, 2881, 
2887, 2875, 2901, 2854, 2879, and 2902. The sequences of these probes are presented 
25 below. 

A further embodiment of this invention includes a kit for the detection of the 
presence of beer-spoiling microorganisms. The kit comprises a set of nucleic acids 
comprising at least two nudeic adds. Each nucleic add is of 10 to 250 nucleotides and 
is of a different base sequence compositiorL Each nucleic add is complementary to or 
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homologous with at least 90% of a sequence comprising any ten consecutive nucleotides 
selected from the group of sequences defined by probes 2858, 2861, 2867, 2876, 2877, 
2868, 2869, 2880, 2891, 2892, 2895, 2899, 2904. 2896, 2873, 2881, 2887. 2875, 2901, 2854, 
2879, and 2902. A set of nucleic acids is particularly suited for detecting beer-spoiling 

5 microorganisms in a two probe, sandwich assay. The kit additionally comprises reagents, 
compositions, instructions, disposable hardware and suitable packaging to allow market- 
ing in a convenient assembly. 

A further embodiment of the present invention includes methods for the detection 
of the presence of beer-spoiling microorganisms. The method comprises the steps of 

10 contacting a sample suspected of containing a target with at least one nucleic acid. The 
nucleic acid has approximately 10 to 250 nucleotides which hybridize preferentially to 
rRNA or rDNA of: (1) P. damnosus; (2) the majority of Pediococcus strains causing 
beer-spoilage, but not other species; (3) L. bre}ns, but not other Lactobacillus species; 
(4) a cluster of Lactobacillus species (comprised of L. puctivorans, L, caseU L. curvatus, 

15 L. brevis, and L. buchneri), but not other species; (5) the group of P. damnosus and L. 
breuisj but not other species; (6) the majority of Pediococcus strains and Lactobacillus 
species which cause beer spoilage, but not other species; and (7) the majority of Pedio- 
coccus and Lactobacillus (and related spedes) but not other species. The method 
includes the steps of imposing hybridization conditions on the sample such that the 

20 nucleic acid binds preferentially to the target rRNA or rDNA to form nucleic acid 

complexes and detecting the complexes as an indication of the presence of the target 
organism(s). Preferably, the nucleic add of the present invention is at least 90% 
homologous to a sequence comprising any ten consecutive nudeotides selected from the 
group consisting of sequences defined by probes 2858, 2861, 2867, 2876, 2877, 2868, 2869, 

25 2880, 2891,2892. 2895. 2899, 2904, 2896, 2873, 2881, 2887, 2875, 2901, 2854, 2879, and 
2902. 

The probes of the present invention provide the basis for development of a 
nucleic add hybridization assay for the specific detection of beer-spoilage organisms, in 
beer or in environmental samples. The probes of the present invention also form the 
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basis for confirmation of tfae presence of microorganisms which have been shown to spoil 
beer. 

The first step taken in the development of the probes of the present invention 
involved the identification of the regions of 16S or 23S rRNA which potentially could 

S serve as target sites for specific nucleic acid probes with the desired sensitivity. This 
included discovering which probe target sites were unique to: 1) P. damrtosus; 2) the 
majority of Pediococcus strains causing beer*spoiIage; 3) L. brei^is; 4) a subgroup of the 
Lactobacillus sp.; 5) the group of P. damnosus and L. brevis; 6) the group of the majority 
of Pediococcus and Lactobacillus species which have been shown to spoil beer; and 7) the 

10 group of the majority of Pediococcus and Lactobacillus and related species. This 
involved finding sites which are: 

1. different between F. damnosus and other Pediococcus and nourPediococcus 
species; 

2. different between the majority of Pediococois strains tested and other species; 
IS 3. different between L, brevis and other Lactobadllus and non-LactobaciUus 

species; 

4. different between a cluster of Lactobacillus species (L ftucttmrans; L. casein L. 
cufvatus, L. brevis, and jL buchneri) and other species; 

5. different between the group of P. damnosus and L. brevis and other species; 
20 6. similar for all organisms which have been shown to cause beer-spoilage as 

demonstrated by a representative sampling of 25 strains, but different between the next 
closest evolutionary neighbors' sequences; and 

7. similar between the majority of Pediococcus and Lactobacillus and related 
spedes, but different from other species except for L. rrunutus, L. ktcti^ members of the 
25 Micrococcus genus and members of the Pectinatus genus. 

To accomplish the above analysis, precise alignments of P. damnosus and L. brevis 
16S and 23S rRNA sequences were developed. The essentially complete 16S and 23S 
rRNA sequences of both P, damrtosus and L, brevis were determined using standard 
laboratory protocols. The rDNAs so obtained were cloned into plasmid vectors from 
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products produced by enzymatic amplijBcation (such as that described in Weisburg, 1991, 
J, B^pteripl- 173:697-703, which is incorporated herein by reference). The P. damnosus 
and L. brei^is sequences were aligned with homologous sequences of other Lactobacillus 
species, Gram-positive organisms and other eubacterial rRNA sequences including £. coti 
5 (which are widely used as standard reference sequences by those of ordinary skill in the 
art). 

Based on the determined 16S and 23S rRNA sequences of P. damnosus and L. 
brei^is, twenty-two probes were designed, synthesized, and tested. The specific behaviors 
of the probes are dependent to a significant extent on the assay format in which they are 
10 employed. Conversely, the assay format will dictate certain of the optimal features of 
the particular probes. 

The discovery that probes could be generated with the extraordinary inclusivity 
and exclusivity characteristics of the present invention with the respect to P. damnosus 
and L. brevis without incurring undesirable levels of cross-reactivity was unpredictable 
IS and unexpected. 

The first group of preferred probes are able to differentiate between P. damnosus 
and other species. 

P. damnosus Specific 16S rRNA Probes 

R damnosus Probe 2858 (28mer, 46% G+C) (SEQ ID NO:l) 
20 y-TCA CAG CCT TGG TGA GCC TTT ATC TCA T-3' 

F. damnosus Probe 2861 (29mer, 48% G+C) (SEQ ID NO:2) 
S'-CAC TGC ATG AGC AGT TAC TCT CAC ACA CT-3' 

P. damnosus Probe 2867 (28mer, 61% G+C) (SEQ ID NO:3) 
5'-CGG CTA GCr CCC GAA GGT TAC TCC ACC T-3* 

A second group of preferred probes are able to detect the majority of Pediococ- 
cus beer-spoilage strains. 
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Majority of Pediococats Genus 23S rRNA Probes 

Pediococcus Genus Probe 2876 (32mer, 50% G+C) (SEQ ID NO:4) 
S'-CCA CAG TCr CGG TAA TAT GTT TAA GCC COG GT-3* 

5 

Pediococcus Genus Probe 2877 (31mer, 58% G+C) (SEQ ID NO:5) 
5'CGC TCC AAC AGT CCT CAC GGT CTG CCT TCA T-3' 

A third group of preferred probes are specific for L. brens. 



L. brevis ^edfic 16S rRNA Probes 

L. brevis Probe 2868 (28mer, 43% G+C) (SEQ ID NO:6) 
5'-CAA CGT CTG AAC AGT TAC TCT CAA ACG T-3' 

L. brevis Probe 2869 (32mer, 41% G+C) (SEQ ID NO:7) 
5'-CCG ATG TTA AAA TCC GTG CAA GCA CIT CAT TT-S' 

L. brevis Specific 23S rRNA Probes 

L. brevis Probe 2880 (31mer, 45% G+C) (SEQ ID NO:8) 
5'-TGA GGG TTA TTG GTT TCG TIT ACG GGG CTA T-3' 

L. brevis Probe 2891 (33mer, 48% G+C) (SEQ ID NO:9) 
5'-CAG GCr TCC CAA CCT GTT CAA CTA CCA ACA ACr.3* 



L, brevis Probe 2892 (30nier, 53% G+C) (SEQ ID NO:10) 
5'-CCA CAA TTT GGT GGT ATC CIT AGC OCC GQT-3* 

L. brevis Probe 2895 (32mer, 53% G+C) (SEQ ID NO:ll) 
5*-CAA CCC GGC TGC CAG CAT TTA ACT GGT AAC Cr-3' 

A fourth group of probes is specific to a duster of Lactobacillus species. A 

preferred one is given below. 

Cluster of Lactobacillus sp. 23S rRNA Probe 

LaaobaciUus cluster Probe 2899 (32mer, 47% G+C) (SEQ ID NO:12) 
S'-TCG GTG GAT CAG ATT CTC ACT GAT CTT TCG CT-3' 
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A fifth group of probes can detect both P. damnosus and L. bre\^is. Preferred ones 
are given below. 

P. damnosus and JL brevis 16S rRNA Probes 

P. damnosus and L. brevis Probe 2904 (30nier, 43% G+C) (SEQ ED NO: 13) 
5 S'-CCA ACA CTT AGC ATT CAT COT TTA COG CAT-3* 

P. damnosus and L. brevis 23S rRNA Probes 

F. damnosus and L. 6rev£r Prob e 2896 (32 mer, 44% G+C) (SEQ ID NO: 14) 
10 5'-lTC GCT ACG GCT CCG TIT TTT CAA CTT AAC CT-3' 



A sbcth group of probes hybridizes with the majority of Pediococcus and Lac* 
tobacillus species* and all beer*spoilage organisms. Preferred ones are given below. 



15 16S rRNA Beer-Spoilage Organism Probes 



Beer-spoilage organism Probe 2873 (28mer, 64% G+C) (SEQ ID NO:15) 
S'-CCC CFG CTT CTG GGC AGG TTA CCC ACG T.3* 

20 Beer-spoilage organism Probe 2881 (28mer, 57% G+C) (SEQ ID NO:16) 
5'.TCG CTA CCC ATG CIT TCG AGC CTC AGC T-y 

Beer-spoilage organism Probe 2887 (30mer, 63% G+C) (SEQ ID NO:17) 
5'-CGC CGC GGG TCC ATC CAG AAG TGA TAG CCT-y 

25 

23s rRNA Beer-Spoilage Organism Probes 

Beer-spoUage organism Probe 2875 (32mer, 50% G + C) (SEQ ID NO: 18) 
5' CTG AAT TCA GTA ACC CPA GAT GGG CCC CTA GT-y 

30 

Beer-spoilage organism Probe 2901 (32mer, 44% G+Q (SEQ ID NO: 19) 
5'-TAT CAC TCA CCG TCT GAC TCC CGG ATA TAA AT-J 

A seventh group of probes will hybridize to the majority of Pediococcus and 
3^ Lactobacillus species. Preferred ones are presented below. 
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Majority of Pediococcus and Lactobacillus species 16S rRNA Probes 

Pediococcus/ Lactobacillus Probe 2854 (27mer, 48% G+C) (SEQ ID NO:20) 
5'-TAG TTA GCC GTG GCT TTC TGG TTG GAT-3' 

5 

Pediococcus/Lactobacaius Probe 2879 (28iner, 54% G+C) (SEQ ID NO:21) 
5'-CGA TTA CCC TCT CAG GTC GGC TAG GTA T-S' 

Majority of Pediococcus and Lactobacillus species 23S rRNA Probes 

10 

Pediococcus /Lactobacillus Probe 2902 (31mer, 58% G+C) (SEQ ID NO:22) 
5'-TTC GGG CCr CCA GTG CGT TIT ACC GCA OCT T-3' 

15 The probes of the present invention may be used in a "sandwich" assay. As shown 

in Figure 1, the "sandwich" assay involves use of a pair of probes sinmltaneously. One 
probe, designated the "capture" probe 12 is a bifiinctional nucleotide made by adding a 
homopolymeric 3' tail to a probe with preferably high target specificity. The tail will 
hybridize to the complementary homopolymer 11 on a solid surface 10, such as a glass 

20 bead or a filter disc. Hybridization of the capture probe 12 to its target 15, in this case 
Pediococcus /Lactobacillus rRNA, would complex the target 15 with the solid support 10. 
The detector probe 13, preferably with some degree of specificity, would be a part of a 
detection scheme which may use virmally any sort of detection moiety 14, including 
radioactivity, fluorescence, chemiluminescence, color or other detector moiety. The 

25 detector probe may be incorporated as an RNA sequence into an amplifiable Q-beta 
midivariant as described by Kramer and Lizardi, 1989 Nature 339* 

A sample, such as a swab or liquid aliquot is processed as to liberate the total 
nucleic add content. The sample, putatively containing disrupted beer-spoilage or- 
ganisms, is incubated in the presence of a capture probe, detector probe, and magnetic 

30 particle beads which have been derivatized with oligo-deo>tyThymidine in a chaotrbpic 
buffer such as guanidinium isothio^anate. 

If target molecules (beer-spoilage microorganisms of the genus Pediococcus or 
Lactobacillus ) are present, a Bead-Capture Probe-Target-Detector Probe hybridization 
complex is formed, as in Figure 1. The presence of a magnet near the bottom of the 
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reaction tube wUl cause the magnetic particle-hybridization complex to adhere to the 
side of the tube, enabling the removal of the sample matrix, unbound probe, and other 
constituents not hybridized. Repeated rehydration and denaturation of the Bead- 
Capture Probe-Target-Detector Probe complex would enable significant background 
reduction. The final detection may involve spotting the beads on a membrane and 
5 assaying by an appropriate method, such as autoradiography, if the detector probe was 
labelled with a radioisotope. Alternatively, the detector probe may be an amplifiable 
midivariant probe. 

The following non-limiting Examples are presented to better illustrate the 
invention. 

10 EXAMPLE 1 

Dot-Blot Analysis of Probe Hybridization Behavior , 
Dot-blot analysis, in accordance with well-known procedures, involves immobiliz- 
ing a nucleic acid or a population of nucleic acids on a filter such as nitrocellulose, nylon 
or other derivatized membranes which can be readily be obtained commercially. Either 

15 DNA or RNA can be so immobilized and subsequently tested for hybridization under a 
variety of conditions (stringencies) with nucleotide sequences or probes of interest. 
Under stringent conditions, probes with nucleotide sequences with great com- 
plementarity to the target will exhibit a higher level of hybridization than probes whose 
sequences have less homology. 

20 Probes of the present invention are tested in a dot-blot. One hundred nanograms 

RNA, is purified by phenol extraction and centrifugation through cesium trifluoroacetate 
gradients, denatured and spotted on a nylon membrane. Probes are isotopically labelled 
with the addition of a ^P-Phosphorous moiety to the 5' end of the oligonucleotide by the 
established polynucleotide kinase reaction. Hybridization of the probes is conducted at a 

25 temperature of 60oC in the presence of 1.08M NaCl, 6QmM sodium phosphate and 6mM 
ethylenediamine tetraacetic acid (EDTA), pH 7.4. Unhybridized probe is removed by 
washing at a salt concentration of one-third of the hybridization condition. The filters 
are exposed to X-ray film and the intensity of the hybridization signals is evaluated after 
three hours of autoradiographic exposure. 
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The following TABLE 1 is a summary of results. 

P. damnosus probes targeting 16S rRNA 
Probe 2858: All P. damnosus strains 

Probe 2861: All P. damnosus strains; one isolate ol Lactobacillus. 
5 Probe 2867: All P. damnosus strains 



10 Probe 2868: L. brevis specific. This probe misses some isolates identified as L. brevis^ 

but this is thought to be to inaccurate identification of some environmental 
isolates. 
Probe 2869: JL brevis specific. 

15 Group of P. damnnsus and L. bre\/is probes targeting the 16S rRNA 

Probe 2904: F. damnosus and JL brevis. Also detects L. buchneri and other related . 
species of Lactobacillus, 

20 All beer-spoilage organisms targeting 16S rRNA 

Probe 2873: Majority of Pediococcus and Lactobacillus strains; all but one spoilage 
isolate. 

Probe 2881: Majority of Pediococcus and Lactobacillus strains. Also detects many Gram* 
positive eubacteria. 

25 Probe 2887: Majority of Pediococcus and Lactobacillus strains^ all spoilage isolates. 

Group of Maioritv of Pediococcus and Lactohacillus species probes, targeting 16S rRNA 
Probe 2854: Majority of Pediococcus and Lactobadllus strains, also two Bacillus species. 
Probe 2879: Majority of Pediococcus and Lactobadllus strains. Also detects some Gram- 
30 positive baaerial 

Group of Maioritv of Pediococcus beer-spoilage organisms, probes targeting the 23S 
rRNA 

Probe 2876: Most Pediococcus strains. Also detects some Lactobacillus isolates. 
35 Probe 2877: Most PetUococcus strains. Also detects some Lactobacillus isolates. 



L. brevis probes targeting the 23S rRNA 

Probe 2880: L. brevis specific. Misses some isolates identified as L. brevis, but this may 
4o be due to inaccurate identification of some environmental isolates. 

Probe 2891: L. brevis specific. 
Probe 2892: L. brevis specific. 
Probe 289S L. brem specific 
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Subgroup of Lactobacillus genus probes targ eting rRNA 

Probe 289.9: Most Lactobacillus species. Possibly some Pediococcus strains* 

Group of P. damnosus and L. brevis probes targetinp rRNA 
5 Probe 2896: P. damnosus and L. brevis. Also detects a few other species of 

Lactobacillus 

All beer-spoilage organism?; targeting rRNA 

Probe 2875: Majority of Pediococcus and Lactobacillus strains, misses some spoilage 
10 isolates. 

Probe 2901: Majority of Pediococcus and Lactobacillus strains, misses some spoilage 
isolates. 

Group of Majority of Pediococcus s trains and Lactobacillus species, targeting 23S rRNA 
15 Probe 2902: Majority of Pediococcus and Lactobacillus strains. Also some Gram-positive 
eubacteria. 



The results of the dot blot assay are presented below as TABLE 2.. In this table, 
20 + + + + indicates the strongest signals observed; + + + indicates strong signal observed; 

+ + indicates a somewhat weaker, but definitely positive hybridization signal observed; + 
indicates a weak signal; +- indicates a very weak, barely detectable signal; - indicates no 
signal observed. ND indicates that this assay was not performed. If a probe binds 
strongly (either + + + + or + + + ) to at least one target, but exhibits a weak hybridiza- 
25 tion (+ or +-) to a second target, the probe is considered to substantially hybridize only 
with the targets giving the+ + + +or+ + + results. 
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TABLE 2 Mi«eeeeu« iMtobaeiXiui Dot aiee Hyjirid&MCion ftnuXtc 



aM« ^■•^ 




Vttdloeoceus PX40 

PttdiocoecM sp. Pl^a 

PttdiOCACCUS BP* rl72 

L*eteteelllws dftlbruaekil t4 
L.frueeivoraiui 
Ceuttl 

L.f rucci«or«f&s SiX9 

LACftoteellXus ap. ^137 
tACteteciXXuv sp. 

ZACCab&elXXus pp. £*X7fi 

lAc^oteeiXXuB sp. U77 

^e^A^MiXlus Bp. LX7I 

lACtaMClXXus sp, LX79 

XACtoteeiXXu* sp« LIBS 

X^cMteelXXu* sp. tlM 

LACtoteeiXXus sp. SiXt4 

SpolX«v« l«oXAe« 1 PBdloCjPOP 

SpeiXav* i~XaM ♦ P«dloCJ30aF " " S 

Spoixl?* IsoXAC* S P«dloM47 S * £ 

Spoil*qr« i»oXAt« 7 8M65 « 15 " S 

SpeiX««« iPaXat* XX CA€ftoeSBP4A S S 

S^ixl?« isoX*^« X9 LAetoCSXS2 5 I S 

SpoiXAV* i.«oX«M X4 ?*'?L.„*- £ I iS 

PpoiXa«« lsoXAfc« X5 LwrtttCaias S « 

Sp»iXA«« 4aeX*V« XO £mM n^X S * S 

SpeiX»v« IsoXAM X3 ^^^^'^'f! £ £ 

Spoll*9« laoXMft O tewla £ * £ 

Spoil«9« IMXAM A euttl CT^97 £ I £ 

SpoiXA9« iaeX*fe« r t. J»r*»l« erMM £ £ 

SpaiX«9» IMXMP 1 L. CMSX er4«99 £ * £ 

SpoiX^« &MXAM J t. h99Wtm CT4701 £ ' £ 

SpeiXA^ IMX&M C. teXknwekli Gr470S £ £ 

5pOlXa«« IMXAM m t. riVrtl^^WMMI £ * £ 

CAc^dophiXup *S£125f * • - 

LCoSSlk «CCJPJ • " I 

^-MlArMCklX ATCCXX»4a 
s«p. feuXvarlciu 
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TABLE 2 (continued) 

Probe 

Organic* 

L*£enent:uA 
L.Binurus 

L.planrAruai 
X^«ueonoscoe sp. 

Xe«ee3b*eter *eeti 

A£st:obMt:cr acerl 

Xccte. pa.s«eurlAnua 

Aeeto . |kas^eurlanu0 
Acet;o. pasceuraajiuB 
Aecu - pAst«ur ianufi 

Xe«to. pMtAuriuiui 

AecM • pasi^cur lanus 
Ae« to . pA.s e«ur ianufi 
Aceto. pasteurianus 
fiacilXus eo&guXMS 

B. subcllis 
Citrbbnetsr f rcundll 
£ateroba.c«cr aerog«n«s 

caoa,ea« 
FlavobaetdriUB f crruqlnftUBB 
Cluc»abactcr oxydanB 

C. osTdxns 
Coacydjuui 
Hafnia alvci 

ftCp. lAMiS 

He^^sp^tt^A esrvviaias 
Hleroceeeufl itrldiriM 
KlereeeceuB ▼arlmna 
ObttsuateettrluHi profi«ua 

PrD^cus vlraJblXlB 
Serraftia mare»U«M 
StephjleeoeeuB «pldarmldls 
S^pti . upr opbr^lMS 

SAceKarovroB cBrBnaiaa 
CblaaT 

Candida albicans 
Hwan^CaSXl 
Seeol BHX 
Hhaat gars RVX 



PadloeoecuB and Laecobaciiaus Dot; Blo« Hrbrldi.za«ian HcBulta 



Doaignaclon 

MCC933B 
AXCC33367 

LaueeX92 
A3CCt293 

AXCC15973 

AXCC33746 

AXCC23747 

ATCC2a748 

ArCC3S9S9 

MCC14a35 

JCrCCI2877 

AXCCX2B79 

JaCC2d6S0 

AXCC2375a 

AXCC2a764 

AXCC2a7£5 

A3CC23766 

JCrCC237B7 

ATCC33445 

JISCC7050 

JaCC129S0 

jaCC21SS6 

AffCCB090 

XXCCX304B 

A'XCC27XS5 

JlSrCCX3047 

MCCX35124 

ATCC11B94 

JISCC193S7 

AXCC2378S 

ATCC33446 

JLTCC33447 

XXCCX3337 

ATC:CX3XB2 

XTCC332B7 

A3CCX943S 

ATCC43236 
ASCC43254 
AKC27S70 
AXCC1530C 
XXCCX284X 
jaCC29359 
X3CC33332 
ASCC2990fi 

Asccxaaao 

JIXCCX4990 

JireCX5305 

ATCC31B3X 

ATCC18824 

ASCC234X 

jaCC36902 

AZCCXXOO* 



2858 2861 2B67 1680 
Pcd&oeoecuB daanosus 165 | Eutoactcrial 



ND 



MD 



MD 



m 



BD 



HD 
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TABLE 2 (continued) 

Probe 

Pcdieeeeeui dunesus 

P.d«MAO«U« 

P.dAMOSUA 

P.djaneBus 
P . pantoSAcaiui 
F . pen to saceuB 

Pediocoeeue «p. 

Pediocoeeua ap. 

Pedlpeoeeus ip. 

PttdieeeceuA ep* 

lACftob&elXIu* delbrueekil 

I. • f ruccxvorans 

£.. ea,Bci 

L.deXbruBekll 

L . f njtf«lverafiB 

L.ourvmeiis 

L.cAsel 

lAcrobAelXlus sp. 
LaetobAelllus vp» 

CgACtObAClllUS BP* 

LAetobAClllus Bp. 
La.etaba«lllui sp. 
L4iecoba.ci»Xlu« sp* 
LAet nhe clllUB sp. 
LAetobaellXus «p. 
5pelX»7« iuX»te X 
SpoiX«ve IsoXaM 1 
SpoiXA9« laoX&t« 3 
SpolXMc l«oI*t« 4 
SpeiXAV* iBoXaM S 
SpoiX«9> IseXAt* 7 
SpoiXA9« IselMA • 
5pplXA9* iaolAta 9 
5polXai9« isoLAta LX 
SpQtl^Vtt IseXMe XJ 
SpoiX*9« iM^At* X4 
Spoil A7e isoXa.t« XS 
SpelX&9« isolAtv 10 
SpoXX*9« xsoX^ftd 13 
SpexXage laoXaM D 
SpolXA9« laoXato X 
Spoila^a laolaM F 
SpolXavtt tmolMMm > 

5poiX«V« laaXaM 
SpeiXA^a i a o laf - J 
SpoiXjug* laoXaM-^ 
SpelXa^ iaolate 
SpolXa^ iafliXAM 
SpeilA^a iaoXAto tn 
SpolXA^a laeXAM 659 
C.AcXdoplilXua 
t..Aravla 
L.touehnari 
C.CMai 
C. caa«i 

aap • r^ajanoaMa 
L.dal^ruacicil 

••p. teuX9Mlciaa 



Pcdiecoeeua and tActobaQillua DoC Bloc HrMldlsaclan Resulta 



2854 



C. 
daXbi 



Davignacion 

F2 

FS 

PXO 

FX7 

ASCC2935a 
jaCC333X6 
FX8 

PX40 

FX80 

PX67 

PX72 

tA 

L» 

LX4 

LX7 

LX9 

uo 

£.32 

H37 

LX74 

LX7C 

tX77 

LX7a 

LX79 

LXI5 

LX93 

LX94 

P«di.ae490l 

P«di.oS34S4 

PadlQC30655 

PedleC33Q3F 

Padleft467 

L*C«eCSBa4l 
LMtc534S3 
lAetoCS8l4A 
XAeteCS162 
C4900 
tAfiMC332S 
Cmm sbaXX 
lAcro Xaxga 
bravla Gr4d9d 
eMai GXMP7 
braria CMit 
eaaal GX4«99 
teavla GT4700 
brafirla GX4702 
toravla GZ%703 
bravlB GT4704 
ruacUl 674705 
f rue^ivorana 
f ruKlirarMB 
JI9CC435fi 
ASCC829X 
JOCCXXSOS 
jaCC393 
AXCC7459 

AXCCXXB42 



2873 2879 288X 3887 
Padloeoecua / LaetvluiciXlus X6S 



2904 



HD 



MD 
VD 
PD 



ND 



HD 




HD 
HD 
■O 
VD 
HD 
MD 
MD 



ND 
HO 
NO 
ND 
ND 
■D 
HD 
ND 
ND 
ND 
HD 
ND 



KD 
HD 
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TABLE 2 (continued) 



P«dioeoeeus and L«ecohftelllus ©ot Blot Hr^rldlZAClon Resuaes 



£..f eracntuB 

L. plMtaruft 

Ctcueonoscee ap. 
Ccueo.Bascntareidca 
Aca«otoaetar acvti 
Xeacobaexar acad 
Aea«oMiet*r ae*ci 
Ae«ftobactar aeatl 
Xeate • hanaanl 1 
XcAto. XlquTacicntf 
Aeaco • paa aaur ianua 
Aeato. paatauriaxiud 
Xeato . paatraurlMus 
Aeato • paattaur ianua 
Aeato»p*ataurianus 
Accto • paataurlMus 
Aeaae • paaeaurianua 
AeaM* paattturlanus 
Aeato* paataurlanufl 
fiae&IIua eoa^vlans 

B. acaarotharttephllua 
a.auBclllB 

Clerabae«ar f raundli 
Entaroteer«r aarogcMs 

5. agvlMarftAA 
cloaca* 

PlavohaetuiriuB farruginaw 
Clueonotwcfear oxydaaa 

6. oacirdana 

C. exydAaa 
G.oaeydaAa 
r mjiiiiii 
Hafni* Alvoi. 
Klatoaialla ozjtoca 
Xlab. tarriyana 
LACMcoceua lae«ia 

0dp. laofeitf 
Ma9AB|Aaor& cararlslM 
Hagaaphaara eararlalM 
Mierocaeeua Icriatiaao 
MlcreeoeeuA Mrlana 
Oboai mt km r aar 1m protaua 
Foeclnateua earavlalipiillua 
Peetmatua frlilnganala 
Pro«aus Blrabil^ 
Samtia Mrooa««M 
SCApteylocoocwB »M«md±a 
Stapb. caprophytt&ua 
2y*oaenAa ao&lliV 
Sac ckag Bay « aa caa'OTlBlAO 
SaeeharoBsreas eorovisiao 

SacebaroBycaa ei ' - - 

ChlAay 

Candida alftleaii 



AaaiffMClen 

AXCC9330 

JI3CC8014 

AXCC14917 

Lcveol^} 

ATCCa39a 

XtCC15973 

AZCC33746 

JIRC23747 

AKC2374B 

AZCC35959 

AZCCI4a35 

»CC13B77 

AXCC12B79 

JOCCIBBSO 

ASCC237SB 

ASCC237S4 

AKC33765 

AZCC23766 

A5CC23767 

ATCCa344S 

AZCC70SO 

ATCCX2980 

AXCC21556 

XKCiOfO 

ASCC1304B 

BTCC37155 

ATCC13047 

ATCC13524 

JiZCC11894> 

AZCC19357 

ATCC237S5 

AKC33^B 

AXCC33447 

AXCC13397 

jaCC13IB3 

A3CC33257 

ASCC1943S 

«CC4323i 
ARC433B4 
B3ee37570 
JISCC1S306 
B3Eeei3B4l 
B9CC293B9 
ATCC:33332 
BXCC29904 
AXCCISBBO 
JCtCCl4990 
BSeClS30S 
1SCC31B21 
AzceiBaa4 

ATCC2341 

jaccaB902 

BSeCllDOd 



2873 2B79 
Podioeoceua / 



2B81 3887 2904 
LacM^clllus 165 



BD 



ND 



BD 



ND 



BD 



KD 



BD 



ND 



BD 



BD 



BD 



Scool BHA 
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TABLE 2 (continued) 



Probe 

Pedloeotfcus daanonjK 
P.daanoftus 

P.tfAAAOSUC 

P.dAsnovu* 
P«pcntosAe«u« 
P . penfeosAMus 

PadiotfoficuM sp. 
P«dloeeecua mp* 
Pcdioeoeeus ap. 
Pcdlecoecua sp. 
tMtobaeillUB dalbruaekii 
L • t met ivordiia 

C.«d«lbruaeleil 
L . t met 1 veranj 
C.eurrmtus 

CACTCth* Clllu* Sp . 

lACtobaelllua ap. 
£»*etobdelllufl sp. 
LaeeobAellluc ap. 
CaetabAclllua ap. 

LAc^abaelllua ap. 
CACtobaelllua ap. 
Spoi.la9fl laolata I 
SpolXA9« laolAta 2 
Spoil&^a lael»aa a 
Spoilaga laoSiAta 4 
SpoiX«9d icelava 5 
SpoxXM^m iaolAta 7 
Spoilaga laolac* a 
Spoilage isolate 9 
Speila^a laeXaaa 11 
5poila9« laolata 13 
SpoxlA^a laolAM 14 
spoilage laete«e 15 
Spoilage iaolaca ID 
Spoilage iaolate 13 
Spoilage iaalaee O 
Spoilage laelMO A 
Spoilage ieola.«e P 
Spoilage iaolate B ^ 
Spoilage ieel*te 
Spoilage iaelAte 7 
spoilage iaolAte J 
Spoilage iaolaco 
Spoilage iaola.ce 
Spoilage iaelace SS3 
Spoilage iaol&«e aS3 
^.acidephilue 
L.brevic 
I.«Jbuehfi«ri 

£-casai 
aap. rhaMioeua 

&.del2iruaelcii 
eap. bulgarieua 



Padiocoeeus and taetebaeillua Oat Blot Hjbridixation Bcaulta 

2B7S 2B7fi 2B77 3Bt6 2901 2902 
Padioeeeeua 23S | Pedioeoeewa/Laetobaeillua 

Daaigna-tien 

P2 -t-TTT i-i-»-r «r*** -»^^ ^r^-i-^ -«^^ 
PS 

PIO -i-M-r 1-1^ 

P17 -t-^ rr^ -fT-i-r 

ATCC293SB i-rw i-i-r-r i-r^ ^-rr-r -rw 

PlB 

P140 
P160 
Plfi7 
P172 
L4 

to 

t.14 
tl7 
£.19 
L20 
L32 
L137 
L174 
tl74 
1.177 
L170 
L17g 

Lias 

L193 
X.194 

PftdioC490a 
Pedio53494 
PedieCaecSO 
Pcdioe3303F 
Padio6fi47 

£AeteCSBB4B 

K,AetoS34S3 
LaetoC5BB4A 
LaetoC5163 
C490B 

LAecoC3325 
Laeto aaall 
lACto large 
L. brevls 0X4494 
L. eOMi CX4C97 
L. bravia GT4490 
L. eaaei GT4fi99 
L. br«^a 694700 
L« brevia CT4702 
L. brovia GX4703 
L. brwia 024704 
delbrueekii Gr470S 
f r%ic«ivaranc 
L. rmctxTorans 

ArCC435& 
AZCCB291 
A2Ceil20S 

juceca93 

JIXCC7449 
XXCC11B43 



HD 



BD 



SD 
BD 



n 
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TABUE 2 (continued) 

OrgmniM 

L . Binutus 
LtplAnearun 
L.plMtaLruB 
L«ueenes%oe sp. 
L*ueo . MS«nc*reidftB 
Ace^obac^cr aevtx 
AcAcabActer accti 
Acccab*etcr Aceci 
Ac«tabaerer ae««i 
Ace^o • hanacnli 
Acttt o • llqur&ei mnm 
Aect o . p«B tcur ianus 
Ae«t o - pas teur ianu s 
Ace to • pa« teur ianus 
Aecto. pacfccurxanus 
Acato. past4turianiu 
Acftto . pastaur ianuj 
Aeste. pasteurlafsus 
Acs CO . pasMur ianus 
Aeasa . paacaur xaAua 
laeillus eoAffuluis 
8 • stearethenopiillus 

Citrobaccer frvundii 
£ntarabaeter Amroqmnmm 
E. a99ln«raAk 
E.eleaeatt 

rxavabae^ar&wi l*rnig&n»UM 

ciuconobaetsr ezydans 

CosEydanc 

S. es7dan« 

C.ezydans 

S.oxydans 

Hafala alvcl 

Xlabslalla oxyeoea 

Xlcb . tar r i gana 

Laetoeoecus laetis 

•spt laetia 
Magasplkaara earaviaia* 
Hag^spbaara earavisiaa 
Hieroeoeeua leriafcinaa 
Miereeoeeus Tariaaa 
Obaauabae^ariua pretaus 
Paa«iM«u8 earavlalipblXua 
Paebinabus f riKl«iv«nBiB 
Protauft alrabilla 
SarratxA au>e*seMa 

StApbyloeeceua apldwlil Is 
Scapb.saprepbr«ieuB v. 
Zyaaaonaa aobilla 
Sacebaroatycas earaviaXaa 
SaaebajroMyeas earairialaa 
Saeebarovyeaa fiaravisiaa 
Cbiaay 

Canoida albleana 
HiflMfi/CaSlU. 
Steal MX 
Hbaat gara MX 
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2875 


3B74 


2877 


289fi 


3901 


29B2 




Padioeeeewa 238 
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Example 2 
Dual Probe Hybridization 
For in*process testing, detection of specific spoilage organisms amongst the wide 
variety of normal brewery microflora might be most apprc^riate. For this type of 
S sandwich assay, the following capture and detector probe sets are examples of preferred 
pairs or sets. 

P. damnosus 16S rRNA: Probe 2858 + Probe 2861 

Probe 2861 + Probe 2867 



10 L. brevis 16S rRNA: Probe 2868 + Probe 2869 

P. damnosus & L. brevis 16S rRNA: Probe 2904 + Probes 2868 + 2861 
Group of all spoilage 16S rRNA: Probe 2881 + Probes 2873 + 2887 
Group of majority of Pediococcus and LactobacUIus 16S rRNA: Probe 2854 + Probe 
2879 

15 L. brevis 23S rRNA: Probe 2880 + Probe 2891 

Probe 2892 + Probe 2895 

P. damnosus & L. brevis 23S rRNA: Probe 2896 + Probes 2880 + 2876 

Group of all spoilage 23S rRNA: Probe 2875 + Probes 2901 + 2899 

Group of majority ot Pediococcus and LactobacUIus 23S rRNA: Probe 2902 + Probes 
20 2875 + 2901. 



Example 3 
Brewery and End-Product Detection 
25 of Beer-spoilage organisms 



A sample, such as a swab or liquid aliquot from a bottie, can, keg or other 
container is processed to yield DNA. A probe of this invention is used in conjunction 
with the antiparallel complement of a second probe of this invention to en^matically 
30 amplify a segment of a target organism gene encoding Lactobacillus rRNA in a polymer- 
ase chain reaction. Resultant material is then assayed in a sandwich assay. The 
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polymerase chain reaction can, itself be made either highly specific by employing 
probe/primers described herein, or the reaction may be made more general using probes 
such as those described in co-pending USSN 359,158 and then identifying the amplifica- 
tion product as a target organism using a sandwich assay. 
5 For end-product testing, more generally targeted probes might be ap- 

propriate since most normal breweiy microflora should have been removed or been 
^^^t, inactivated. For this particular assay, the following capture detector and detector probes 

Aw 

w^^^/r^n aitexamples of preferred pairs: 

10 p. damnosus 16S rRNA: Probe 2858 + Probe 2861 

Probe 2861 + Probe 2867 
L. brevis 16S rRNA: Probe 2868 + Probe 2869 

F. damnosus & JL brwis 16S rRNA: Probe 2904 + Probes 2868 + 2861 
Group of aU spoUage 16S rRNA: Probe 2881 + Probes 2873 + 2887 
15 Group of majority of Pediococcus and Lactobacillus 16S rRNA: Probe 2854 + Probe 
2879 

L. brevis 23S rRNA: Probe 2880 + Probe 2891 

Probe 2892 + Probe 2895 

P damnosus & L. brevis 23S rRNA: Probe 2896 + Probes 2880 + 2876 

20 Group of all spoUage 23S rRNA: Probe 2875 + Probes 2901 + 2899 

Group of majority of Pediococcus and Lactobacillus 23S rRNA: Probe 2902 + Probes 
2875 + 2901. 

25 Example 4 

In situ hybridization as a cytological stain 

The probes of this invention may be used as a cytological staining reagents. A 
30 liquid sample is applied to a microscope slide. After fixation and lysis, hybridization of 
probes is carried out in situ. For example, Probe 2858 is labelled with a florescent label 
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and used to stain the specimen. If P, damnosus is present in the sample, small fluores* 
cent bodies will be visual under a fluorescent microscope. 

Example 5 

S Confirmation of Presence of Beer-spoilage organisms following culture 

Following a standard cultivation step for PetUococcus/ Lactobacillus /bt^x spoilage 
organisms such as on modified MRS agar plates (Lawrence et al, 1979, J. Instit. for 
Brewing 85:119) or in liquid culture enrichment, a sample is tested for the presence of 
10 Pediococcus /Lactobacillus /btCT spoilage organisms. One method is by use of the 
sandwich assay described in Example 2. Pure culture is not necessary. 
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SEQUENCE LISTING 



(1) GENERAL INFORMATION: 

(i) APPLICANT: Nietupski, Raymond M. 

Stone, Benjamin B. 
Weisburg, William G. 

<ii) TITLE OF INVENTION: Nucleic Acid Probes for the Detection of 
Bacteria of the Genera Pediococcus and Lactobacillus and 
Methods for the Detection and the Bacterial Agents Causing 
Spoilage of Beer 

(iii) NUMBER OF SEQUENCES: 22 

(iv) CORRESPONDENCE ADDRESS: 

(A) ADDRESSEE: Amoco Corporation 

(B) STREET: 55 Shuman Blvd., Suite 600 

(C) CITY: Naperville 

(D) STATE: IL 

(E) COUNTRY : USA 

(F) ZIP: 60563 

(V) COMPUTER READABLE FORM: 

(A) MEDIUM TYPE: Floppy disk 

(B) COMPUTER: IBM PC compatible 

(C) OPERATING SYSTEM: PC-DOS /MS-DOS 

(D) SOFTWARE: Patentin Release #1.0, Version #1.25 

(vi) CURRENT APPLICATION DATA: 

(A) APPLICATION NUMBERS 

(B) FILING DATE: 

(C) CLASSIFICATIONS 

(viii) ATTORNEY/AGENT INFORMATION: 

(A) NAME: Gieaser, Joanna M. 

(B) REGISTRATION NUMBER: 32,838 

(C) REFERENCE/DOCKET NUMBER: 32,442 

(ix> TELECOMMUNICATION INFORMATION: 

(A) TELEPHONE: (708) 717-2443 

(B) TELEFAX: (708) 717-2430 
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(2) INFORMATIOH FOR SEQ ID NO:l: 

(i) SEQUENCE CHARACTERISTICS: 
(A) LENGTH: 28 base pairs 
<B) TYPE: nucleic acid 
<C) STRANDEDNESS: single 
(D) TOPOLCXSY: linear 

<iii) HYPOTHETICAL: NO 

(iv) AMTI^SENSE: NO 



(xi) SEQUENCE DESCRIPTION: SEQ ID NOtls 
TCACAGCCTT GCTGACCCTT TATCTCAT 28 



(2) INFORMATION FOR SEQ ID NO: 2: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 29 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(iii) HYPOTHETICAL: NO 
(iv) ANTI -SENSE: NO 



<xi) SBQDENCS DESCRIPTION: SEQ ID NOt2: 
CACT6CATGA GCAGTTACTC TCACACACT 29 



(2) INFORMATION FOR SEQ ID NO: 3: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 28 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(iii) HYPOTHETICAL: NO 
(iv) ANTI-SENSE: NO 



(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 3: 
CGGCTA6CTC CC6AA(;GTTA CTCCACCT 28 
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(2) INFORMATION FOR SEQ ID NO: 4: 



(i) 



SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 32 base pairs 

(B) TYPE: nucleic acid 



<C) STRANDEDNBSSt single 
(D) TOPOLOGY: linear 



(iii) 



HYPOTHETICAL: NO 



(iv) 



ANTI-SENSE: NO 



(xi) 



SEQUENCE DESCRIPTION: SEQ ID NO: 4: 



CCACAGTCTC GGTAATATGT TTAAGCCCCG GT 



32 



(2) INFORMATION FOR SEQ ID NO: 5: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 31 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDBDNESS: single 

(D) TOPOLOGY: linear 

(iii) HYPOTHETICAL: NO 
(iv) ANTI-SENSE: NO 



(xi) SEQUENCE DESCRIPTION: SEQ ID NOsSi 
CGCTCCAACA 6TCCTCACGG TCTGCCTTCA T 31 



(2) INFORMATION FOR SEQ ID NO: 6: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 28 base pairs 

(B) TYPE: nucleic acid 

(C) STRANOEDNESS: single 

(D) TOPOLOGY: linear 

(iii) HYPOTHETICAL: NO 
(iv) ANTI-SENSE: NO 



(xi) SEQUENCE DESCRIPTION: SEQ ID NO:6: 
CAACGTCTGA ACAGTTACTC TCAAACGT 28 
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(2) INFORMATION FOR SEQ ID NO: 7: 

(i) SEQUENCE CHARACTERISTICS s 

(A) LENGTH: 32 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEONESS : single 

(D) TOPOLOGY: linear 

(111) HYPOTHETICALs NO 
<iv> ANTI-SENSE« NO 



(xi) SEQUENCE DESCRIPTION: SEQ ID 110s7s 
CCGATGTTAA AATCCGTGCA AGCACTTCAT TT 32 



(2) INFORMATION FOR SEQ ID NO: 8: 

(i> SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 31 base pairs 

(B) TYPE: nucleic acid 

( C) STRANDEDNBSS : single 

(D) TOPOLOGY: linear 

(iii) HYPOTHETICAL: NO 
(iv) ANTI-SENSE: NO 



(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 8: 
TGAGG6TTAT TGGTTT06TT TACG6GGCTA T 31 



(2) INFORMATION FOR SEQ ID NO: 9: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 33 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: Single 

(D) TOPOLOGY: linear 

(iii) HYPOTHETICAL: NO 
(iv) ANTI-SENSE: NO 



(xi) SEQUENCE DBSCRIPTICMI: SEQ ID NO:9: 
CAGGCTTCCC AACCTGTTCA ACTACCAACA ACT 
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(2) INFORMATION FOR SEQ ID NO: 10: 

<i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 30 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(iii> HYPOTHETICAL t NO 
(iv> ANTI-SENSE s NO 



(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 10: 
CCACAATTT6 GTGGTATCCT TAGCCCC6GT 30 



(2) INFORMATION FOR SEQ ID NO: 11: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 32 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(iii) HYPOTHETICAL: NO 
(iv) ANTI-SENSE: NO 



(Xi) SEQUENCE DESCRIPTION: SEQ ID NO: 11: 
CAACCCGGCT GCCAGCATTT AACTG6TAAC CT 32 



(2) INFORMATION FOR SEQ ID NO: 12 1 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 32 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(iii) HYPOTHETICAL s NO 
(iv) ANTI -SENSE: NO 



(xi) SEQUENCE DESCRIPTION: SEQ ID NO:12: 
TCGGTGGATC AGATTCTCAC T6ATCTTTCG CT 32 
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(2) INFORMATION FOR SEQ ID NO: 13: 



(i) 



SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 30 baaa pairs 

(B) TYPE: nucleic acid 



(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 



(iii) 



HYPOTHETICAL t NO 



(iv) 



ANTI-SENSE: NO 



(xi) 



SEQUENCE DESCRIPTION: SEQ ID NO: 13: 



CCAACACTTA GCATTCATCG TTTACCGCAT 



30 



(2) INFORMATION FOR SEQ ID NO: 14: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 32 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 
(D> TOPOLOGY: linear 

(iii) HYPOTHETICAL: NO 

(iv) ANTI-SENSE: NO 



(Xi) SEQUENCE DESCRIPTION: SEQ ID NO: 14: 
TTCGCTACGG CTCCGTTTTT TCAACTTAAC CT 32 



(2) INFORMATION FOR SEQ ID NO: 15: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 26 base pairs 

(B) TYPE: nucleic acid 
<C) STRANDEDNESS: single 
(D) TOPOLOGY: linear 

(iii) HYPOTHETICAL: NO 

(iv) ANTI-SENSE: NO 



(xi) SEQUENCE DESCRIPTION: SEQ ID NO: IS: 
CCCCT6CTTC TGGGCAGGTT ACCCACGT 28 
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(2) INFORMATION FOR SEQ ID NO:16: 

(i) iSEQUENCE CHARACTERISTICS: 

(A) LENGTH: 28 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(lii) HYPOTKSTZCALs NO 
(iv) ANTI-SENSE s NO 



(xi) SEQUENCE DESCRIPTION: SEQ ID NO:16: 
TCGCTACCCA TGCTTTCGA6 CCTCAGCT 28 



(2) INFORMATION FOR SEQ ID NO: 17: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 30 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(iii) HYPOTHETICAL: NO 
(iv) ANTI -SENSE: NO 



(Xi) SEQUENCE DESCRIPTION: SEQ ID NOsl7: 
CGCCGCGGGT CCATCCAGAA 6TGATAGCCT 30 



(2) INFORMATION FOR SEQ ID NO: 18: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 32 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(iii) HYPOTHETICAL: NO 
(iv) ANTI-SENSE: NO 



(xi) SEQUENCE DESCRIPTION: SEQ ID NO:18s 
CTGAATTCAG TAACCCTAGA TGGCICCCCTA GT 32 
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(2) INFORMATION FOR SEQ ID NO: 19: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 32 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDBDNSSS: single 

(D) TOPOLOGY: linear 

(iii) HYPOTHETICAL t NO 
(iv) ANTI-SENSE: NO 



(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 19: 
TATCACTCAC CGTCTGACTC CCGGATATAA AT 32 



(2) INFORMATION FOR SEQ ID NO:20: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 27 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 
<D) TOPOLOGY: linear 

(iii) HYPOTHETICAL: NO 

(iv) ANTI-SENSE: NO 



(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 20: 
TA6TTAGCOG TGGCTTTCT6 GTTGGAT 27 



(2) INFORMATION FOR SEQ ID NO: 21: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 28 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(iii) HYPOTHETICAL: NO 
(iv) ANTI-SENSE: NO 



(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 21: 
C6ATTACCCT CTCAGGTCCiG CTAC6TAT 28 
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What is claimed is: 

1. An isolated and purified nucleic acid which hybridizes preferentially with a rRNA 
or rDNA of a microorganism which causes spoilage of beer, 

2. A nucleic acid according to claim 1 wherein the microorganism is selected from 
the group consisting of the genera Lactobacillus and Pediococcus. 

3« A nucleic acid according to claim 1 which is selected from the group of nucleic adds 
consisting of those which: 

a) specifically discriminate between P. damnosus and non-Pediococcus species; 

b) specifically discriminate between the majority of Pediococciis strains causing beer- 
spoilage and other species; 

c) Specifically discriminate between L. brevis and non-Lactobacillus species; 

d) specifically discriminate between a cluster of Lactobacillus species, said cluster 
consisting of: L. fructivorans, L. casei, L. curvatus, L. brevis, and L. buchneri, and non- 
cluster species, 

e) specifically discriminate between the group consisting of P. damnosus and L. brevis 
and other species; 

f) specifically discriminate between the majority of Pediococcus and Lactobacillus 
species causing beer spoilage and other species; 

g) specifically discriminate between the majority of Pediococcus and Lactobacillus 
and related species and other species. 

4. A nucleic acid according to daim 1 which hybridizes preferentially to 16S rRNA. 

5. A nucleic acid according to claim 1 which hybridizes preferentially to 23S rRNA. 



SUBSTITUTE SHEET (RULE 29) 



3NSDCX;iD: <WO. 



9507289A1_I_> 



wo 95/07289 



PCTAJS94/10129 



-35- 



(2) INFORMATION FOR SEQ ID NO: 22: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 31 base pairs 

(B) TYPE: nucleic acid 

(C) STRANOEDNSSS: single 

(D) TOPOLOGY: linear 

<iii) HYPOTHETICAL: NO 
(iv) ANTI-SENSE: NO 



(xi) SEQUENCE DESCRIPTION: SEQ ID NO:22: 
TTCGGGCCTC CA6TGCGTTT TACC6CACCT T 31 
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6. A nucleic acid according to claim 1 which is compiementaiy to or homologous 
with at least 90% of a sequence comprising any ten consecutive nucleotides within 
sequences selected from the group of sequences defined by the group of probes consist- 
ing of: 2858. 2861. 2867. 2876, 2877. 2868, 2869, 2880, 2891, 2892, 2895, 2899, 2904. 2896, 
2873, 2881, 2887, 2875, 2901, 2854, 2879, and 2902. 

7. A nucleic acid probe which hybridizes preferentially with a rRNA or rDNA of a 
microorganism which causes spoilage of beer. 

8. A probe according to claim 7 wherein the microorganism is selected from the 
group consisting of the genera Lactobadllus and Pediococcus. 

9. A probe according to claim 7 which is selected from the group of probes consist- 
ing of those which: 

a) specifically discriminate between P. damnosus and non-Pediococcus species; 

b) specifically discriminate between the majority of Pediococcus strains causing 
beer-spoilage and other species; 

c) specifically discriminate between brevis and non-Lactobacillus species; 

d) specifically discriminate between a cluster of Lactobadllus species, said cluster 
consisting of L. fructivorans^ L. casek L. curvatus, L. brevis, and L. budmeri^ and non- 
cluster species; 

e) specifically discriminate between the group consisting of P. damnosus and L. 
brnis and other spedes; 

f) specifically discriminate between the majority of Pediococcus and Lactobacillus 
species causing beer spoilage and other species; and 

g) specifically discriminate between the majority of Pediococcus and Lactobadllus 
and related species and other spedes. 

10. A probe according to claim 7 which hybridizes preferentially to 16S rRNA. 
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11* A probe according to claim 7 which hybridizes preferentially to 23S rRNA. 

12. A probe according to claim 7 which is complementary to or homologous with at 
least 90% of a sequence comprising any ten consecutive nucleotides within sequences 
selected from the group of sequences defined by the group of probes consisting of: 2858, 
2861, 2867, 2876, 2877, 2868, 2869, 2880, 2891, 2892, 2895, 2899, 2904, 2896, 2873, 
2881, 2887, 2875, 2901, 2854, 2879, and 2902. 

13. A method of detecting the presence of microorganisms which cause the spoilage 
of beer comprising the steps: 

contacting a sample suspected of containing a target with at least one nucleic acid 
which hybridizes preferentially to rRNA or rDNA of a organism selected from the group 
consisting of: (a) P. damnosus and non-Pediococcus species; (b) the majority of Pediococcus 
strains causing beer-spoilage but not other species; (c) L. brevis, but not other Lactobacillus 
species; (d) a dust^ of Laciobadllus species consisting of L. finctivarans, JL. casei, JL. 
curvatus, L. brevis, and L. buclmen, but not oth» spedes; (e) the group of P. damnosus and 
L, brevis, but not other species; (f) the majority of Pediococcus and Lactobacillus species 
causing beer spoilage, but not other species; and (g) the majority of Pediococcus and 
Lactobacillus and related species, but not other species; 

imposing hybridization conditions on the sample such that the nucleic acid binds 
preferentially to the target rRNA or rDNA to form nucleic acid complexes; and 

detecting the complexes as an indication of the presence of the target organisms. 

14. A method according to claim 14 wherein the nucleic acid is at least 90% homologous 
to a sequence comprising any ten consecutive nucleotides selected from the group consisting 
of sequences defined by probes 2858, 2861, 2867, 2876, 2877, 2868, 2869, 2880, 2891, 
2895, 2899, 2904, 2896, 2873, 2881, 2887, 2875, 2901, 2854, 2879, and 2902. 
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15. A kit which is used for the detection of the presence of microorganisms which cause 
the spoilage of beer comprising: 

a) a set of nucleic acids comprising at least two nucleic acids, each nucleic 
acid comprising 10 to 250 nucleotides and having a different base sequence composition; 
wherein each nucleic acid is complementary to or homologous with at least 90% of a 
sequence comprising any ten consecutive nucleotides selected from the group of sequences 
defined by probes 2858, 2861, 2867, 2876, 2877, 2868, 2869, 2880, 2891, 2892, 2895, 
2899, 2904, 2896, 2873, 2881, 2887, 2875, 2901, 2854, 2879, and 2902. 

16. A kit according to claim 14 further comprising reagents, and instructions. 
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